INTRODUCTION
============

The stent-jack technique is performed for stent-assisted coiling (SAC) of wideneck intracranial aneurysms. The coil mass is pushed back into the aneurysm sac protruding into the main artery via the deployment of a self-expandable stent \[[@b1-neuroint-2019-00276]\]. We herein performed parent artery occlusion (PAO) of the vertebral artery (VA) to treat a vertebral artery dissecting aneurysm (VADA) involving the origin of the posterior inferior cerebellar artery (PICA) using the stentjack technique such that PICA flow was preserved. We describe the treatment procedure and provide technical advice.

CASE REPORT
-----------

A 45-year-old man presented to our hospital with impaired consciousness, a Glasgow Coma Scale of 3, pinpoint pupils, and no breathing difficulties. Brain computed tomography (CT) revealed a subarachnoid hemorrhage (World Federation of Neurosurgical Societies grade 5, Fisher group 3). CT angiography showed a right VADA. Digital subtraction angiography (DSA) showed that the right PICA arose from the dilated part of the VA, while the anterior spinal artery originated from the distal portion of the right VA ([Fig. 1A](#f1-neuroint-2019-00276){ref-type="fig"}). The left VA was of a sufficient size and not hypoplastic. The maximum diameter of the dissection was 5.3 mm, the proximal VA diameter was 2.6 mm, and the PICA diameter was 1.6 mm. We attempted PAO of the VA with PICA stenting and flow preservation. Aspirin at 300 mg and clopidogrel at 300 mg were administered before the treatment. The procedure was performed under general anesthesia. A 4-Fr sheath was inserted into the left femoral artery and a 4-Fr catheter was placed into the left VA. A 6-Fr sheath was inserted into the right femoral artery. A 6-Fr Envoy MPD (Johnson & Johnson, Miami, FL, USA) was placed into the V1 segment of the right VA, and a 2.8-Fr/2.3-Fr Plowler Select Plus (Johnson & Johnson) was introduced into the right PICA. A 1.7-Fr Headway (TERUMO Corporation, Tokyo, Japan) was initially inserted into the dilated part of the VA, and PAO of the distal part of the VA to the PICA bifurcation was performed using Axium Prime coils (Medtronic, Minneapolis, MN, USA). The entire length of the VADA involving the origin of PICA was sparsely embolized ([Fig. 1B](#f1-neuroint-2019-00276){ref-type="fig"}). In this phase, antegrade blood flow in the VA disappeared ([Fig. 1C](#f1-neuroint-2019-00276){ref-type="fig"}), and an Enterprise VRD 4×30 mm (Johnson & Johnson) was deployed from the PICA to the proximal VA ([Fig. 1D](#f1-neuroint-2019-00276){ref-type="fig"}). DSA after deployment of the stent showed the recanalization of antegrade blood flow in the VA by the coil mass ([Fig. 1E](#f1-neuroint-2019-00276){ref-type="fig"}). A Headway was placed into the distal portion of the VA using the transcell technique, and coils were added until PAO was complete ([Fig. 1F](#f1-neuroint-2019-00276){ref-type="fig"}, [G](#f1-neuroint-2019-00276){ref-type="fig"}). Aspirin at 100 mg and clopidogrel at 75 mg were administered from the next day of treatment. Magnetic resonance imaging after treatment showed no ischemic events, and DSA 1 week after treatment showed the disappearance of the dissection ([Fig. 1H](#f1-neuroint-2019-00276){ref-type="fig"}). The patient had no new neurological deficit and was discharged to the rehabilitation hospital with modified Rankin Scale 3. Patient consent was obtained for this case report.

DISCUSSION
==========

A ruptured VADA is associated with a high mortality rate of 46% to 67%, and the rerupture rate in the acute phase is 50% to 70%. Rerupture occurs within 24 hours of disease onset \[[@b2-neuroint-2019-00276],[@b3-neuroint-2019-00276]\]. Occlusion of the entire length of the dissection is necessary to prevent rerupture \[[@b4-neuroint-2019-00276],[@b5-neuroint-2019-00276]\]. A ruptured VADA involving the origin of PICA has a less favorable outcome than the PICA non-involvement type, and the complication rate associated with this treatment is higher \[[@b6-neuroint-2019-00276]\] due to the associated difficulties, as the PICA must be preserved and the dissection occluded. Treatment options are as follows ([Fig. 2](#f2-neuroint-2019-00276){ref-type="fig"}) \[[@b5-neuroint-2019-00276],[@b7-neuroint-2019-00276],[@b8-neuroint-2019-00276]\] : a) PAO of the entire length of the VA and occipital artery--PICA bypass, b) proximal VA occlusion to decrease blood flow to the dissection, c) PAO with PICA stenting, and d) stenting to the VA (with coiling of the dissection). Regarding their specifics, a) is a radical, but challenging procedure, b) is relatively easy and associated with a low incidence of rerupture \[[@b9-neuroint-2019-00276]\], but is not radical as the dissection remains, and c) and d) have been performed recently for a ruptured VADA involving the origin of PICA in light of developments in intracranial stents.

The strength of stenting to the VA with coiling of the dissection is that antegrade VA blood flow remains. Therefore, the treatment may be performed on the dominant side of the VADA. The weakness of this technique is the risk of recurrence or rebleeding. Chen et al. \[[@b10-neuroint-2019-00276]\] reported 2 cases of recurrence (5.4%) and 2 of rebleeding (5.4%) among 37 cases treated by stenting to the VA with coiling of the dissection for a VADA involving the origin of PICA. A PICA territory thromboembolic event may then occur because the stent is implanted to cover the origin of the PICA. The strength of the stent-jack technique is in its potential to reduce recurrence or rebleeding because the coil fills the entire part of the VADA. The weaknesses of this technique are that it cannot be performed on the dominant side of the VADA and it carries an increased risk of a thromboembolic event in the PICA territory due to the stent being implanted into the PICA. Five cases of VADA involving the origin of PICA with PICA stenting were performed, with occluded PICA occurring in the acute phase in 1 case \[[@b8-neuroint-2019-00276],[@b11-neuroint-2019-00276]\]. However, dual antiplatelet therapy (DAPT) loading was administered after the procedure in these cases. A previous study showed that the rate of a thromboembolic event with DAPT loading after stenting was 4.54-fold higher in ruptured than in unruptured cases, and was only 1.34- fold higher in ruptured than in unruptured cases with DAPT loading before stenting \[[@b11-neuroint-2019-00276]\]. Therefore, DAPT loading needs to be administered before PICA stenting. Another reason for thromboembolic events is that the PICA is a narrow vessel that is associated with a high risk of occlusion with stenting. However, previous studies reported safe and successful Enterprise placement in vessel diameters less than 2 mm \[[@b12-neuroint-2019-00276],[@b13-neuroint-2019-00276]\]. In 2 cases, thrombus formation occurred but dissolved after intra-arterial administration of a glycoprotein IIb/IIIa inhibitor. In any case, adequate antiplatelet therapy is very important.

The limitations of the endovascular treatment of VADA involving the origin of PICA include the need for tight packing even though the dissection is unstable and vulnerable to rebleeding in addition to the preservation of the PICA to prevent infarction. Previous studies reported infarction or recanalization of the PICA and regrowth of the dissection after endovascular treatment of a VADA \[[@b8-neuroint-2019-00276],[@b14-neuroint-2019-00276],[@b15-neuroint-2019-00276]\]. The aims of the stent-jack technique for VADA involving the origin of PICA are tight packing of the dissection and PICA preservation. The following issues are associated with this technique. The distal VA needs to be densely embolized and occluded without penetrating the branches of the PICA. After sparsely coiling the proximal VA and entire length of the dissection, stenting from the PICA to the proximal VA is performed. SAC of a VADA may prevent rerupture by densely packing coils into the dilated portion of the dissection, which is a rupture point. However, recurrence has been reported in some cases \[[@b16-neuroint-2019-00276],[@b17-neuroint-2019-00276]\]. A previous study showed recurrence in the proximal segment of the dissection. Therefore, densely packing coils at the entry of the dissection may be important for preventing recurrence. Since indicators of the effectiveness of dense coil packing at the entry of the dissection have not yet been identified, further cases need to be examined.

The stent-jailing technique has been shown to reduce the rate of recurrence more than the stent-jack technique due to fewer mechanical forces and angiogenesis as well as its inhibition of the transforming growth factor β/Smad2,3,4 signaling pathway in intracranial aneurysms \[[@b18-neuroint-2019-00276]\]. The aneurysm occlusion grade was found to be higher in the stent-jailing group than in the stent-jack group in a 2-year follow-up. In the present study, immediate occlusion was shown, but we did not perform a long-term follow-up. Therefore, long-term monitoring of postoperative changes in a VADA is needed.

Furthermore, additional treatment strategies are required for recanalization by coil transformation just after stenting, such as insertion of the microcatheter distal to the coil mass before stenting, insertion by the transcell technique to the coil mass after stenting, or an approach from the contralateral VA. Moreover, difficulties are associated with estimating whether additional coils protrude into the stent after PICA stenting because PICA is a tortuous artery and it is technically challenging to take the down-the-barrel view position in order to identify the lumen of the PICA. We need to consider a coping strategy, such as balloon inflation into the stent, to prevent coil protrusion and overlap stenting when coil protrusion occurs \[[@b19-neuroint-2019-00276]\]. Enterprise VRD is effective for the stent-jack technique on the PICA because we may perform additional coiling using the transcell technique and the stent may compress the coil due to the strong radial forces of an Enterprise VRD. In cases in which a PICA arises from the VA at an acute angle, antegrade stenting is not required and we need to consider retrograde stenting from the contralateral VA to PICA. Therefore, several alternative strategies need to be planned when endovascular treatments are performed for VADA involving the origin of PICA.

CONCLUSION
==========

The stent-jack technique for a ruptured vertebral artery dissecting aneurysm involving the origin of the posterior inferior cerebellar artery is effective. However, careful attention to recanalization after stenting is needed due to transformation of the coil mass.
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![Treatment course. (A) Posterior inferior cerebellar artery (PICA) (arrow) branches from the middle of the vertebral artery dissecting aneurysm (VADA). The entire length of the dissection (asterisk) needs to be embolized. (B) The distal vertebral artery (VA) from the PICA was densely embolized, while the proximal VA involving the PICA was sparsely embolized. (C) Antegrade VA blood flow disappeared after coiling. (D) The coil shape was changed (arrowheads) by the deployment of Enterprise VRD 4×30 mm. (E) Recanalization of antegrade VA blood flow just after stenting. (F) The coil shape after treatment. The distal VA was densely embolized, while the proximal VA was sparsely embolized and the stent was deployed from the PICA to VA. (G) VADA disappeared, and PICA flow was preserved as shown by digital subtraction angiography just after the treatment. (H) VADA disappeared 1 week after treatment.](neuroint-2019-00276f1){#f1-neuroint-2019-00276}

![Schema of the vertebral artery dissecting aneurysm (VADA) treatment. a: vertebral artery (VA) occlusion and occipital artery (OA)--posterior inferior cerebellar artery (PICA) bypass; b: proximal VA trapping to decrease flow to VADA; c: distal VA occlusion and PICA stenting; d: stenting to the VA (and coiling to VADA). ASA, anterior spinal artery.](neuroint-2019-00276f2){#f2-neuroint-2019-00276}
